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(54) Fuel Injection valve with multiple nozzle plates 

(57) A metering assembly for a fuel injector having 
multiple orifice plates is disclosed. The metering 
assembly includes a valve body, a seat, a needle and a 
mutti-iayer orifice plate assembly. The valve body has 
an inlet, an outlet and a longitudinal axis extending 
therethrough. The seat is disposed proximate the outlet 
and includes a passage having a sealing surface and an 
orifice. The needle is reciprocally located within the 
housing along the longitudinal axis between a first posi- 
tion wherein the needle is displaced from the seat, 
allowing fuel flow past the needle, and a second posi- 
tion wherein the needle is biased against the seat, pre- 
cluding fuel flow past the needle. The multi-layer orifice 
plate assembly is located at the housing outlet and 
includes a first orifice plate having a plurality of first 
openings extending therethrough. The orifice plate 
assembly further Includes a second orifice plate having 
a plurality of second openings extending therethrough. 
The plurality of first openings and the plurality of second 
openings are fluldty connected by at least one channel. 
A method of accelerating fuel through the Injector is also 
disclosed. 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. 
Provisional Application No. 60/169,229. filed October 
13, 1999. 

FIELD OF THE INVENTION 

[0002] The Invention relates to fuel injectors, and 
more particularly, to fuel injectors having multiple inter- 
changeable nozzle plates. 

BACKGROUND OF THE INVENTION 

[0003] Fuel injectors are commonly employed in 
Internal combustion engines to provide precise meter- 
ing of fuel into each combustion chamber. Additionally, 
each fuel injector atomizes the fuel during injection into 
the respective combustion chamber, breaking the fuel 
Into a large number of very small particles. Increasing 
the surface area of the fuel being Injected and allowing 
the oxidizer, typically ambient air, to more thoroughly 
mix with the fuel prior to combustion. The precise meter- 
ing and atomization of the fuel reduces combustion 
emissions and increases the fuel efficiency of the 
engine. 

[0004] An electro-magnetic fuel injector typically uti- 
lizes a solenoid assembly to supply an actuating force to 
a fuel metering valve. Typically, the fuel metering valve 
is a plunger style needle valve which reciprocates 
between a closed position, when the needle is seated in 
a seat to prevent fuel from escaping through a metering 
orifice into the combustion chamber, and an open posi- 
tion, where the needle is lifted from the seat, allowing 
fuel to discharge through the metering orifice and into 
the combustion chamber. 

[0005] Typically, fuel injectors employ a metering 
nozzle or orifice comprised of a single orifice plate with 
a plurality of orifice openings extending therethrough 
through which pressurized fuel is introduced into the 
combustion chamber. Modifications to these metering 
orifices include multiple orifice plates stacked upon 
each other to provide alternate pathways for the fuel 
immediately prior to Injection Into the combustion cham- 
ber. These alternate pathways increase the turbulence 
of the fuel flow, providing greater atomizatJon of the fuel 
as the fuel passes through the orifice openings, provid- 
ing for enhanced mixture of the fuel with combustion air 
which reduces unwanted exhaust emissions and 
improves the fuel efficiency of the engine. 
[0006] ' Typicaity, injectors with multiple orifice plates 
include a first top orifice plate having a plurality of open- 
ings extending therethrough, a bottom orifice plate hav- 
ing a like plurality of openings extending therethrough, 
and an open space between the top oriftee plate and the 
bottom orifice plate for redirecting the fuel flow between 



the outlet of the top orifice plate orifice openings and the 
inlet of the bottom orifice plate orifice openings. Addi- 
tionally, the space between the top and bottom orifice 
plates generally includes walls or other obstructions 

5 whkih tend to direct the fuel from the outlet of the top ori- 
fice plate to a particular orifice opening in the bottom 
orifice plate, creating a relatively laminar flow and pre- 
cluding a fuel stream from one top orifice plate orifice 
opening from impinging into the stream from another 

w top orifice plate orifice opening. Additionally, fuel injec- 
tors with multiple orifice plates require the orifice plates 
to be fused or electroplated together, precluding the 
ability to interchange orifice plates to obtain different 
fuel flow patterns. 

IS [0007] It would be beneficial to develop a fuel injec- 
tor having a metering orifice with multiple orifice plates 
whtoh includes a fully open space between top and bot- 
tom orifice plates and which also allows interchangea- 
bility of different orifice plates to produce different flow 

20 stream patterns. 

SUMMARY OF THE INVENTION 

[0008] Briefly, the present invention provides a fuel 
25 injector comprising a housing, a seat, a needle, and a 
multi-layer orifice plate assembly. The housing has an 
Inlet, an outlet and a longitudinal axis extending there- 
through. The seat is disposed proximate the outlet and 
includes a sealing surface and a passage extending 
30 therethrough. The needle Is reciprocally located within 
the housing along the longitudinal axis between a first 
position wherein the needle is displaced from the seat, 
allowing fuel flow past the needle, and a second posi- 
tion wherein the needle is biased against the seat, pre- 
ss eluding fuel flow past the needle. The multi-layer orifice - 
plate assembly is located at the housing outlet. The ori- 
fice plate assembly includes a first orifice plate having a 
plurality of first openings extending therethrough. The 
orifice plate assembly also includes a second orifice 
40 plate having a plurality of second openings extending 
therethrough. The plural'ity of first openings and the plu- 
rality of second openings are fluidly connected by at 
least one channel. 

[0009] The present invention also provides a fuel 
45 injector comprising a housing, a seat, a needie and a 
multi-layer orifice plate assembly. The housing has an 
Inlet, an outlet and a longitudinal axis extending there- 
through. The seat is disposed proximate the outlet and 
includes a sealing surface and a passage extending 
50 therethrough. The needle is reciprocally located within 
the housing along the longitudinal axis between a first 
position wherein the needle is displaced from the seat, 
allowing fuel flow past the needle, and a second posi- 
tion wherein the needle is biased against the seat, pre- 
ss eluding fuel flow past the needle. The multi-layer orifice 
plate assembly is located at the housing outlet and 
includes a first orifice plate having a plurality of first 
openings extending therethrough. The plurality of first 
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openings are each spaced a first predetemRined radial 
distance from the longitudinal axis. The orifice plate 
assembly further includes a second orifice plate having 
a plurality of second openings extending therethrough. 
The plurality of second openings are each spaced a 
second predetermined radial distance from the longitu- 
dinal axis such that the second predetemnined radial 
distance is less than the first predetermined radial dis- 
tance. The orifice plate assembly further includes a third 
orifice plate located between the first orifice plate and 
the second orifice plate. The third orifice plate Includes 
a third orifice plate central opening extending there- 
through along the longitudinal axis such that the third 
orifice plate central opening fluidly connects the piurality 
of first orifice plate openings and the plurality of second 
orifice plate openings. 

[0010] The present invention also provides a 
method of accelerating a velocity of fuel through a fuel 
injector having a longitudinal axis and a multi-layer ori- 
fice plate. The method comprises the steps of directing 
the fuel through openings in a top orifice plate; directing 
the fuel into a space between the top orifice plate and a 
bottom orifice plate; and directing the fuel through open- 
ings in the bottom orifice plate, the openings in the bot- 
tom orifice plate being radially closer to the longitudinal 
axis than the openings in the top orifice plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The accompanying drawings, which are 
incorporated herein and constitute part of this specifica- 
tion, illustrate the presently prefemed embodiments of 
the invention, and, together with the general description 
given above and the detailed description given below, 
serve to explain features of the invention. In the draw- 
ings: 

Rg. 1 is a side view, in section, of a discharge end 
of a fuel injector of the present invention incorporat- 
ing a multiple orifice plate configuration according 
to a first embodiment of the present invention, with 
a needle in a closed position; 
Rg. 2 is an enlarged view of the discharge end of 
the needle of Fig. 1, with the needle in an open 
position; 

Fig. 3 is a top plan view of a top orifice plate accord- 
ing to the first prefen-ed embodiment of the present 
invention; 

Rg. 4 is a top plan view of a bottom orifice plate of 
the present invention; 

Rg. 5 is a top plan view of a spacer orifice plate of 
the present invention; 

Fig. 6 is an enlarged view of the discharge end of 
the fuel injector incorporating a multiple orifice plate 
configuration according to a second embodiment of 
the present invention; and 
Rg. 7 is a top plan view of a top orifice plate accord- 
ing to the second preferred embodiment of the 



present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODliVlENTS 

5 

[0012] In the drawings, like numerals are used to 
indicate like elements throughout A first preferred 
embodiment, shown in Rgs. 1 and 2, is a fuel metering 
assembly 10 for use in a fuel injection system of an 

10 internal combustion engine. The metering assembly 10 
includes a valve body 20, a seat 30, a needle 40, and a 
generally planar composite nozzle or orifice plate 
assembly 50. Details of the operation of the fuel meter- 
ing assembly 10 in relation to the operation of the inter- 

15 nal combustion engine (not shown) are well known and 
will not be described in detail herein, except as the oper- 
ation relates to the preferred embodiments. Although 
the prefeaed embodiments are generally directed to 
injector valves for internal combustion engines, those 

20 skilled in the art will recognize from present disclosure 
that the prefen^d embodiments can be adapted for 
other applications in which precise metering of fluids is 
desired or required. 

[0013] The valve body 20 has an upstream or inlet 

25 end 21 0 and a downstream or outlet end 220. The valve 
body 20 includes an amiature 240 as shown in Fig. 1. 
The words "upstream" and "downstream" designate 
flow directions in the drawings to which reference is 
made. The upstream side is toward the top of each 

30 drawing and the downstream side is toward the bottom 
of each drawing. The needle 40 is connected to the 
armature 240. An electromagnetic coil (not shown) 
located above the vaive body 20 is selectively energized 
and deenergized to reciprocate the armature 240 and 

35 the needle 40 within the valve body 20. The valve body 
20 further includes a body 260 which includes a housing 
chamber 262. The housing chamber 262 extends 
through a central longitudinal portion of the valve body 
20 along a longitudinal axis 270 extending therethrough 

40 and is formed by an interior housing wall 264. A needle 
guide 280 having a central needle guide opening 281 
and a plurality of radially spaced fuel flow openings 282 
is located within the housing chamber 262 proximate to 
the downstream end 220 of the valve body 20. The nee- 

45 die guide assists in maintaining reciprocation of the 
needle 40 along the longitudinal axis 270, 
[0014] The seat 30 is located within the housing 
chamber 262 proximate to the outlet end 220 between 
the needle guide 280 and the discharge ends 220. The 

so seat 30 includes a passage or orifice 320 which extends 
through the seat 30 generally along the longitudinal axis 
270 of the valve body 20 and is formed by a generally 
cylindrical wall 322. Preferably, a center 321 of the ori- 
fice 320 is on the longitudinal axis 270. The seat 30 also 

55 includes an annularly shaped beveled sealing surface 
330 which surrounds the orifice 320 and tapers radially 
downward and inward toward the orifice 320 such that 
the sealing surface 330 is oblique to the longitudinal 
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axis 270, The words "inward", "outward", and deriva- 
tives thereof refer to directions toward and away from, 
respectively, the longitudinal axis. 
[0015] The needle 40 is connected to the armature 
240 and is reciprocally located within the housing cham- 
ber 262 generally along the longitudinal axis 270 of the 
valve body 20. The needle 40 is reciprocable between a 
first, or open, position wherein the needle 40 is dis- 
placed from the seat 30 (as shown in Rg. 2), allowing 
pressurized fuel to flow downstream past the needle 40. 
and a second, or closed, position wherein the needle 40 
is biased against the seat 30 (as shown in Fig. 1) by a 
biasing element (not shown), preferably a spring, pre- 
cluding fuel flow past the needle 40. 
[0016] The needle 40 includes a first portion 410 
which has a first cross-sectional area A1 and a second 
portion 420 which has a second cross-sectional area 
A2. The second portion 420 includes a generally spher- 
ical contact face 422 (shown in Fig. 6) which sealingly 
engages the beveled sealing surface 330 when the nee- 
dle 40 is in the closed position, l-lowever, those skilled in 
the art will recognize that a generally fjat or planar end 
face 426 (shown in Rg. 2) can be located at the down- 
stream tip of the needle 40. The end face 426 is prefer- 
ably generally perpendicular to the longitudinal axis 270 
of the valve body 20. A generally annular area of contact 
423 provides a solid seal between the needle 40 and 
the seat 30 and reduces the possibility of fuel leakage 
past the needle 40. 

[0017] Preferably, both the first and second cross- 
sectional areas A1, A2 are circular, although those 
skilled in the art will recognize that the first and second 
cross-sectional areas A1 , A2 can be other shapes as 
well. This configuration reduces the mass of the needle 
40 while retaining a relatively large sealing diameter of 
the contact face 422 so as to provide a relatively gener- 
ous sealing area of the needle 40 for engagement of the 
contact face 422 when the needle 40 is in the closed 
position. The increased cross -sectional area A2 of the 
needle provides a larger guide surface relative to the 
mean needle diameter, thereby improving the wear 
resistance of the internal surface of the central needle 
guide opening 281 . The improved wear resistance of 
the internal surface of the central needle guide opening 
281 is due to reduced loading compared to that of a 
conventional base guide diameter which was used with 
prior art needles of a generally constant cross-sectional 
area. For example, a typical prior art needle will have a 
substantially continuous cylindrically shaped shaft 
which terminates at an end portion wherein the cross- 
sectional area at the top portion of the needle may be 
twtee as much as the cross-sectional area A1 of the 
needle 40 shown in Fig. 1 . The second cross-sectional 
area A2 Is sized so that the second portion 420 extends 
through the central needle guide opening 281 with a 
gap of approximately 10-15 microns between the nee- 
dle 40 and the plate 280. 

[0018] The needle 40 is reciprocable between the 



closed position (shown in Fig. 1) and the open position 
(shown in Fig. 2). When the needle 40 is in the open 
position, a generally annular channel 430 extending 
toward the longitudinal axis 270 is formed between the 

5 contact face 422 and the seating surface 330. 

[001 9] Referring to Rg. 2, the orifice plate assembly 
50 is a multi-layer composite orifice plate which is con- 
structed from at least two separate orifice plates, a top 
orifice plate 510 and a bottom orifice plate 520 and is 

10 located at the housing outlet 220. A spacer orifice plate 
530, located between the top orifice plate 510 and the 
bottom orifice plate 520, is preferably used. However, 
the spacer orifice plate 530 can be omitted as long as a 
predetermined gap is maintained between a down- 

75 stream face 514 of the top orifice plate 510 and an 
upstream face 522 of the bottom orifice plate 520. 
[0020] A first embodiment of the orifice plate 
assembly 50, shown in Rg. 2, includes the top orifice 
plate 510 having an upstream face 512, the down- 

20 stream face 514, and a plurality of generally arcuate 
holes or openings 51 6 extending through the top orifice 
plate 510 and radially spaced a first predetermined dis- 
tance from the longitudinal axis 270. The arcuate open- 
ings 516 are preferably symmetrically spaced from the 

25 longitudinal axis 270 and approximate a circular shape 
as shown in Fig. 3. Preferably, three arcuate openings 
516 are preferred, although those skilled in the art will 
recognize that more or less than three arcuate openings 
516 can be used. Preferably, a relatively large total sur- 

30 face area of the arcuate openings 516 is preferred to 
reduce pressure loss through the arcuate openings 51 6. 
However, those skilled in the art will recognize that a 
total surface area of the arcuate openings 516 should 
not be so great as to degrade the strength of the top ori- 

35 fice plate 510. The top orifice plate 510 is preferably 
generally perpendicular to the longitudinal axis 270. 
Preferably, the plurality of arcuate openings 516 are 
immediately downstream and adjacent to the seat ori- 
fice 320, as shown in Rg. 2. 

40 [0021] The bottom orifice plate 520 has the 
upstream face 522, a downstrearri fece 524, and a plu- 
rality of preferably circular or polygonal metering holes 
or openings 526 extending tiirough the bottom orifice 
plate 520 and radially spaced a second predetermined 

45 distance from the longitudinal axis 270. The openings 
526 are preferably symmetrically spaced from the longi- 
tudinal axis 270 and approximate a circular shape as 
shown in Fig. 4. One advantage of a polygonal opening 
is that the corners between the sides of the opening can 

50 be finely tuned to control fuel targeting into the combus- 
tion chamber. The metering openings 526 are prefera- 
bly symmetrically spaced a different distance from the 
longitudinal axis 270 than the arcuate openings 516 and 
approximate a generally circular shape as shown in Fig. 

55 4, such that the top orifice plate arcuate openings 516 
and the bottom orifice plate metering openings 526 do 
not overlap each other, as seen in Fig. 2. 
[0022] Preferably, the bottom orifice plate openings 
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526 are closer to the longitudinal axis 270 than the top 
orifice plate openings 516, although those skilled in the 
art will recognize that the bottom orifice plate openings 
526 can be farther from the longitudinal axis 270 than 
the top orifice plate openings 516. Preferably, eight 
metering openings 526 are preferred, although those 
skilled in the art will recognize that more or less than 
eight metering openings 526 can be used. However, it is 
important to note that the number of arcuate openings 
51 6 cannot equal the number of metering openings 526. 
The bottom orifice plate 520 is preferably generally per- 
pendicular to the longitudinal axis 270. 
[0023] The spacer orifice piate 530, shown in Rg. 5, 
between the top and bottom orifice plates 510, 520, is 
used to control vertical spacing between the top and 
bottom orifice plates 510, 520 so that an optimized 
radial fuel velocity component can be generated and 
maintained. As shown in Figs. 2 and 5, the spacer ori- 
fice plate 530 includes an upstream face 532, a down- 
stream face 534, and a generally channel or circular 
opening 536 which extends radially from the longitudi- 
nal axis 270. The opening 536 is in fluid communication 
with each of the plurality of arcuate openings 516 and 
the plurality of metering openings 526 so that the fuel 
can flow from the arcuate openings 51 6, through the cir- 
cular opening 536, and through the metering openings 
526. 

[0024] A virtual extension 340 of the seat 30 can be 
projected onto the upstream face 512 of the top orifice 
plate 51 0 so as to intercept the upstream face 512 of the 
top orifice piate 510 at a point "A", shown in Fig. 2. The 
virtual extension 340 can be further projected onto the 
upstream face 522 of the bottom orifice plate 520 so as 
to intercept the upstream face 522 of the bottom orifice 
plate 520 at a point "B", shown in Fig. 2. Referring to 
Fig. 3, the'arcuate openings 51 6 are sufficiently far from 
the longitudinal axis 270 such that a virtual circle 518 
formed by the virtual extension 340 of the seat 30 onto 
the upstream face 512 of the top orifice plate 510 at "A" 
has a smaller diameter than a virtual circle 519 drawn 
around an outer perimeter of the arcuate openings 51 6. 
Similarly, refemng to Fig. 4, the metering openings 526 
are sufficiently far from the tongttudinal axis 270 such 
that a virtual circle 528 fomned by the virtual extension 
340 of the seat 30 onto the upstream face 522 of the 
bottom orifice plate 520 at "B" has a smaller diameter 
than a virtual circle 529 drawn around an outer perime- 
ter of the metering openings 526. This ensures that the 
flow of fuel between the arcuate openings 516 and the 
metering openings 526 when the needle 40 is in the 
open position directs the fuel onto the upstream face 
522 of the bottom orifice plate 520 to provide a trans- 
verse flow of the fuel across the upstream face 522 of 
the bottom orifice plate 520 to the metering openings 
526 prior to the fuel entering the metering openings 
526. 

[0025] The top orifice plate 510 eliminates any 
effect of the movement of the needle 40 relative to the 



seat 30 on the spray definition and reduces or elimi- 
nates flow instability of the fuel prior to entering the bot- 
tom orifice plate openings 526. The bottom orifice plate 
520 is the primary metering orifice plate through which 

5 the fuel passes immediately prior to entering the com- 
bustion chamber. The space between the downstream 
face 514 of the top orifice plate 510 and the upstream 
face 522 of the bottom orifice plate 520 is preferably 
between 75 microns and 300 microns. 

10 [0026] The use of the three distinct orifice plates, 
the top orifice plate 510, the bottom orifrce plate 520, 
and the spacer orifice plate 530 allows for a significant 
level of flexibility in manufacturing the metering assem- 
bly 10. Different configurations of the top, bottom, and 

IS spacer plates 510, 520, 530 are removable from and 
replaceable with other top, bottom, and spacer plates 
(not shown) and can be mixed and matched to create 
optimum flow paths for turbulence enhanced atomiza- 
tlon and fuel targeting. Fuel flow characteristics can be 

20 tailored to the application required without any changes 
in the product fabrication process. 
[0027] Additionally, although not shown, a fourth 
orifice plate, similar spacer orifice plate 530 can be 
Inserted between the upstream face 512 of the top ori- 

25 fice plate 510 and the downstream end of the valve seat 
30. Such a configuration can be used if the orifice 320 is 
not large enough to provide desired radial spacing of 
the openings 516 in the top orifice plate 510 from the 
longitudinal axis 270. 

30 [0028] Preferably, the plates are fabricated by the 
type of process that is consistent with the geometric 
requirements for that portion of the fuel path. Preferably, 
the top orifice plate 51 0 and the spacer orifice plate 530 
can easily be fabricated by an inexpensive process 

35 such as punching or etching. Preferably, the more criti- 
cal metering openings 526 in the bottom orifice plate 
520 would be processed by a precision punching or pre- 
cision laser machine process to provide the precise 
dimensions required for required targeting into the com- 

40 bustion chamber. 

[0029] Although three orifice plates 510, 520, 530 
are preferred, those skilled in the art will recognize that 
the spacer orifice plate 530 can be combined with one 
of the top or bottom orifice plates 51 0, 520 using manu- 

45 facturing processes which are well known to those 
skilled in the art, resulting in only two orifice plates. 
Additionally, the orifice plates 510, 520, 530 can be dim- 
pled together to generate a variety of spray patterns. 
The fuel flow rate is controlled by the location and the 

so size of the metering openings 526 in the bottom orifice 
plate 520. The metering openings 526 are distributed so 
that the turbulence Intensity is equal and maximized for 
each individual metering opening 526 in the bottom ori- 
fice plate 520. 

55 [0030] Preferably, the orifice plates 510, 520, 530 
are constructed from a metallic material, and more pref- 
erably from stainless steel, although those skilled in the 
art will recognize that at least one of the orifice plates 



5 



9 



EP 1 092 865 A1 



10 



510, 520. 530 can be constructed from other suitable 
materials. 

[0031] The operation of the fuel metering assembly 
10 is as follows. Pressurized fuel flow into the metering 
assembly 10 is provided by a fuel pump (not shown). 
The pressurized fuel enters the metering assembly 1 0 
and passes through a fuel filter (not shown) to the arma- 
ture 240, and to the housing chamber 262. The fuel 
flows through the housing chamber 262, the fuel flow 
openings 282 in the guide 280 to the interface between 
the contact face 422 and the sealing surface 330. In the 
closed position (shown in Rg. 1), the needle 40 is 
biased against the seat 30 so that the contact face 422 
seaiingly engages the sealing surface 330, preventing 
flow of fuel through the composite orifice plate assembly 
50. 

[0032] In the open position, shown in Fig. 2, a sole- 
noid or other actuating device, (not shown) reciprocates 
the needle 40 to an open position, removing the contact 
face 422 of the needle 40 from the sealing surface 330 
of the seat 30 and forming the generally annular chan- 
nel 430. Pressurized fuel within the housing chamber 
262 flows past the generally annular channel 430 
formed by the needle 40 and the seat 30 and impinges 
on the upstream face 512 of the top orifice plate 510. 
The fuel then flows through the plurality of arcuate 
openings 51 6 into the open space 536 In the spacer ori- 
fice plate 530 between the top and bottom orifice plates 
510, 520. The fuel then accelerates along the upstream 
face 522 of the bottom orifice plate 520 In a transverse 
direction relative to the metering openings 526. The fuel 
then flows across the metering openings 526 where the 
fuel is atomized as it passes through the metering open- 
ings 526 into the combustion chamber. Fuel flows into 
the space bounded by the downstream face 514 of the 
top orifice plate 510 and the upstream face 522 of the 
bottom orifice plate 520. Additional turbulence Is gener- 
ated to enhance the fuel atomlzatlon as the fuel passes 
through the metering openings 526. 
[0033] An alternate embodiment includes a modi- 
fied top orifice plate 550 shown in Figs. 6 and 7. 
Although similar to the top orifice plate 510 in Figs. 1, 2 
and 3, the top orifice plate 550 Includes an upstream 
face 552, a downstream face 554, and a plurality of 
arcuate openings 556. The top orifice plate 550, how- 
ever, is modified to include an additional central hole or 
opening 558 which extends through the top orifice plate 
550 and extends radially from the longitudinal axis 270. 
The central opening 558 is fiuidly connected to the plu- 
rality of metering openings 526 by way of the central 
opening 536 in the spacer plate 530. The central open- 
ing 558 increases the opening surface area in the top 
orifice plate 550 and reduces fuel pressure loss 
between the top and bottom orifice plates 550, 520. 
Additiorially. the central opening 558 generates and 
controls impinging fuel flow streams "F" as shown in 
Fig. 6. These impinging streams "F" generate additional 
turbulence in the fuel to promote fuel atomlzatlon. 



[0034] Preferably, in each of the embodiments 
described above, the seat 30 is constructed from stain- 
less steel and the needle 40 Is constructed from stain- 
less steel. However, those skilled in the art will 

5 recognize that the seat 30 and the needle 40 can be 
constructed of other, suitable materials. 
[0035] It will be appreciated by those skilled in the 
art that changes could be made to the 
embodiments described above without departing from 

w the broad inventive concept thereof. It is understood, 
therefore, that this invention is not limited to the particu- 
lar embodiments disclosed, but it is intended to cover 
modifications within the spirit and scope of the present 
invention as defined in the appended claims. 

15 

Claims 

1 . A fuel injector comprising: 

20 A housing having an inlet, an outlet and a lon- 

gitudinal axis extending therethrough; 
a seat disposed proximate to the outlet, the 
seat including a sealing surface and a passage 
extending therethrough; 

25 a needle being reciprocally located within the 

housing along the longitudinal axis between a 
first position wherein the needle is displaced 
from the seat, allowing fuel flow past the nee- 
dle, and a second position wherein the needle 

30 is biased against the seat, precluding fuel flow 

past the needle; and 

a multi- layer orifice plate assembly located at 
the housing outlet, the orifice plate assembly 
including: 

35 a first orifice plate having a plurality of first 

openings extending therethrough; and 
a second orifice plate separate from the first 
orifice plate, the second orifice plate having a 
plurality of second openings extending there- 

40 through, the plurality of first openings and the 

plurality of second openings being fiuidly con- 
nected by at least one channel. 

2. The fuel injector according to claim 1, wherein the 
45 plurality of first openings are each spaced a first 

predetenmined radial distance from the longitudinal 
axis and the plurality of second openings are each 
spaced a second predetermined radial distance 
from the longitudinal axis. 

50 

3. The fuel injector according to claim 2, wherein the 
second predetermined radial distance is less than 
the first predetermined radial distance. 

55 4. The fuel injector according to claim 1, wherein the 
first orifice plate further includes a central opening 
extending therethrough along the longitudinal axis, 
the central opening being fiuidly connected to the 
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orifice plate and the openings in the bottom orifice 
plate. 

20. The method according to claim 18, wherein the 
openings in the bottom orifice plate define a gener- 5 
ally radial pattern about the longitudinal axis. 
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